We are reporting the observation of the breakdown of electrons' degeneracy and emergence of classical statistics in the simplest element: metallic deuterium. We have studied the optical reflectance, shock velocity and temperature of dynamically compressed liquid deuterium up to its Fermi temperature. Above the insulator-metal transition, the optical reflectance shows the distinctive temperature-independent resistivity saturation, which is prescribed by Mott's minimum metallic limit, in agreement with previous experiments. At T > 0.4 TF, however, the reflectance of metallic deuterium starts to rise with a temperature-dependent slope, consistent with the breakdown of the Fermi surface. The experimentally inferred collisional time in this region exhibits the characteristic temperature dependence expected for a classical Landau-Spitzer plasma. Our observation of electron degeneracy lifting extends studies of degeneracy to new fermionic species, electron Fermi systems and offers an invaluable benchmark for quantum statistical models of Coulomb systems over a wide range of temperatures relevant to dense astrophysical objects and ignition physics.
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The phase diagram of Fermi matter can be demarcated by regions where quantum or classical effects are uniquely dominant. In dense quantum plasmas, like degenerate electrons in metals, the constitutive particle statistics underpinning the thermodynamic and transport properties as well as the strength of the interaction differ significantly from classical ideal plasmas (1) (2) (3) (4) (5) . The two key energy scales that dictate the relevant thermodynamic statistics and the strength of the interparticle interactions are the Fermi energy and the Coulomb energy, respectively (6, 7) . The ratio of the thermal to the Fermi energy defines the degree of quantum degeneracy,  = T/TF, and at increasing densities, TF = (ħ 2 /2m)(3 2 n) 2/3 , rises as n 2/3 , where n is the carrier density, m is the fermionic mass. In the limit of sufficiently high densities such as metals, matter is Fermi degenerate (  ), whereas dilute or sufficiently hot plasmas (  ) remain classical. On the other hand, the ratio 2 of the Coulomb potential to the kinetic energy defines the dimensionless Coulomb coupling parameter  = e 2 /akBT, where a = (3/4n) 1/3 is the ion sphere radius, e is the electron charge, and kB is the Boltzmann constant. Strongly ion-coupled plasmas with    exhibit long-range liquidlike spatial correlations (6) that eventually submit to Wigner crystallization at high enough  (1).
The weak coupling regime is characterized by    and the plasma behaves classically as an ideal gas where small-angle scattering describes the collisions.
An accurate description of the intermediate regime between these two extremes remains an outstanding challenge in statistical physics (7) (8) (9) . A multitude of theoretical efforts attempt to characterize the thermodynamic state of model systems such as the free electron gas or onecomponent plasmas across the Pressure-Temperature space. In dense plasmas, the quantum-toclassical crossover occurs in the warm-dense-matter regime, where a complex interplay of Coulombic, thermal, and quantum effects characterize systems that are too hot for cold Fermiliquid condensed-matter frameworks, yet too dense for standard classical plasma theories (6,7).
Fluid metallic deuterium represents a unique state to investigate some of the aforementioned effects. Unlike all other metals, it has no bound electrons, and at sufficiently high density, it constitutes the archetypal one-component Coulomb system: where the ions are weakly coupled to the nearly-free conduction electrons (6,11).
Thus far, experimental studies probing the emergence of quantum statistical effects from classical regimes have been limited to strongly coupled low-temperature systems such as dilute solutions of liquid 3 He (12) and magnetically or optically trapped ultracold alkali gases (13, 14) .
Attempts to experimentally study the degeneracy effects in denser systems are stymied by the difficulty of confining these systems at sufficiently high temperatures while maintaining thermodynamic equilibrium (15) . Here, we report the observation of the crossover of dense 3 deuterium from a degenerate strongly coupled metal to a classical weakly coupled plasma. In strongly shocked deuterium along the Hugoniot, corresponding to conditions well above the insulator-metal transition, the density is nearly constant with increasing shock pressure (16) (17) (18) .
This allowed us to isolate the effect of the recorded temperature, and consequently degeneracy, on the electron-transport properties of the system. These properties are deduced from the optical reflectivity of the shocks.
Spherical deuterated carbon (CD) shells filled with liquid deuterium were directly irradiated with several 100-ps laser pulses to produce a spherically convergent shock wave in liquid deuterium (0 = 0.172 g/cm 3 ). The laser pulse launched an impulse drive that produces an initially strong (up to ~5.5 Mbar) but unsupported shock that decays in pressure, and therefore shock velocity, as it propagates. Velocity interferometer system for any reflector (VISAR) and a streaked optical pyrometer (SOP) were used to measure temporally resolved shock velocity and self-emission profiles, respectively, for these shocks propagating in liquid deuterium. Figure 1 (A)
shows a typical VISAR record, which is a 1-D image (vertical axis) of the shock that is streaked in time (horizontal axis). Imposed on that image is a series of fringes whose vertical position (fringe phase) is proportional to the shock velocity. Details of the experimental geometry are described elsewhere (19) .
The shock velocity versus time in Fig 1(A) reveals the decay rate is sufficiently slow compared to the equilibration time, see SM. The optical diagnostics probe the shock front to a depth of about 30 to 40 nm, the optical skin depth, which is deep enough to sample an equilibrated plasma state, yet shallow enough to track the varying shock state continuously during the shock decay. The absolute reflectance (R) was inferred from the time-resolved VISAR laser intensity reflected from shocked deuterium, normalized to the stationary and unshocked gold cone. The 4 temperature was determined by measuring the spectral radiance from the shock front, calibrated against a NIST-traceable tungsten filament (20) . This spectral radiance was converted to temperature assuming the shock front is a gray-body emitter with a wavelength-independent emissivity (). The velocity-dependent  was determined from the optical reflectance at 532 nm,
In this study, we observed shocks that decay from 60 km/s to 35 km/s, which corresponds to ~5.5 to ~0.5 Mbar in pressure. Over this range, the density is nearly constant (=0.774, TF=13.8 eV), but the temperature ranges from 3 to 11 eV (1 eV is 11,603 K). Pressure is estimated from P=UsUp, where Us is the shock velocity, Up is the particle velocity, and the constant density value  could vary from 4.2-4.5 (See SM). Consequently, we are able to probe the electronic properties (as deduced from its optical reflectivity) of deuterium compressed to 0.774 g/cm 3 as a function of temperature. At the lower pressures, the shocked deuterium is strongly coupled and highly degenerate (    ); as the temperature increases, both of these defining characteristics change primarily. The present data exhibit two behaviors as these parameters change. For 0.15 <  < 0.4 and 2.6 <  < 6, we observe a constant optical reflectance (~40%) consistent with reflectivity saturation observed in previous shock-wave experiments [see Fig. 2 ] (16-18). This value is described by the Mott-Ioffe-Regel (MIR) minimum metallic conductivity limit, where the electron-ion relaxation time is set by the interatomic spacing a and the Fermi velocity vF through min = a/vF. An equivalent derivation of this minimum could be deduced from the elementary quantum picture of conduction, which maintains that the minimum mean free path that a quasiparticle can travel is set by the Heisenberg uncertainty principle through xkF ~ 1 (21, 22) , where kF is the Fermi wave vector. We also show the results of previous experiments on shocked deuterium in comparison to our data. In those experiments the deuterium transitions from 5 an insulator to a conductor and then sits at the "saturation" value of ~ 40% as  increases and  decreases. At full ionization, the MIR limit predicts a minimum optical reflectivity of 0.38 for 532-nm light, in excellent agreement with our data as well as previous data.
The second behavior occurs above  > 0.4 (T ~ 5 eV), where the reflectance rises continuously to ~0.7 at T ~ 11 eV, as shown in Fig. 2 . Over this region the Coloumb coupling relaxes as  approaches 1 and the fluid is now moderately coupled. At 5 eV, the deuterium is expected to be fully ionized; the change in the reflectance is consequently the result of a change in the scattering time. To test this, we investigated whether a partial ionization rise could account for the observed increase in reflectance at higher temperatures. In the SM we show that, for a fixed relaxation time, 0.7 to full ionization increases the reflectivity to ~40%, well short of the observed 70%. Similarly, a different range of densities than the one considered here cannot account for the observed increase in reflectance.
To clearly elucidate the effect of the scattering times  on the observed reflectance, we determined  for the data recorded using the standard Fresnel relations and the free-electron model (see SM). For a specularly smooth interface, the measured reflectance at a given frequency is frequency, which is directly related to the carrier density n by ω p 2 = 4πne 2 /m e and τ is the electron relaxation time. We have fitted our measured reflectance at 532 nm to the relation above to determine the relaxation time, assuming full ionization (a plasma frequency of 17.9 eV).
6 Figure 3 shows that in the highly degenerate regime, the MIR limit with the carriers traveling at vF describes the data. This restriction in the velocity of the degenerate conducting carriers is a direct manifestation of the Pauli-exclusion principle that permits the formation of the Fermi sphere. Our data, therefore, suggests that up to T/TF ~ 0.4, a well-defined Fermi surface still exists in the metallic fluid. Above this temperature, however, the increase in the inferred relaxation times implies that the restriction in the allowed velocities is no longer valid and longer relaxation times (higher thermal velocities) are needed to account for the increased reflectance. A fit to the relaxation time in this region reveals that  ~ T 1.550.04 (see Fig. 3 ). This is strikingly close to the classical nondegenerate limit expected for ideal plasmas,  ~ T 1.5 . In standard plasma theories, such dependence arises because the carriers assume thermal velocities (4) or kBT = (1/2)mv 2 . In limit to negative in Maxwellian plasmas, while the heat capacity, , goes from ∝ / in the degenerate limit to ~ 3 . Similarly, the transport coefficients assume a different temperature dependence across these two thermodynamic regimes: thermal conductivity k  T in the degenerate regime, but k  T 5 / 2 in the ideal plasma limit. 7 It is instructive to compare our reported crossover between the classical and the degenerate limits in a dense deuterium electronic system to previous observations carried out in dilute liquid 3 He or ultracold alkali gases. In those systems, a similar crossover in the temperature dependence of dynamical properties of an atomic fermionic system signals the onset of the quantum statistics (see comparison in Fig. 4 and SM) . Despite the 8 to 12 orders of magnitude difference in absolute temperature and density, the physics of degeneracy lifting in Fermi systems remains the same. Our results are consistent with path-integral Monte Carlo calculations of dense hydrogen plasmas (25) , which revealed significant permutation/exchange of the electrons in the plasma occurring at T < 0.4 TF for different densities. Above this temperature, the probability of quantum exchange between two or more electrons was found to rapidly decline (25) . Since permuting/exchanging electrons are a requisite for the formation of a Fermi surface, at an increasing temperature, the electrons are no longer degenerate and the Fermi sphere breaks down, in excellent accord with our observation.
We have studied the optical reflectivity of dense metallic deuterium over a range of temperatures spanning almost an order of magnitude. The observed saturation of optical conduction up to T ~ 5 eV is consistent with the MIR limit, which prescribes a temperatureindependent relaxation time. Resistivity saturation is a phenomenological hallmark of Fermi-liquid behavior in metals (21) , indicating the persistence of elementary quasiparticles in our metallic system up to 0.4 TF. This was previously suggested in ab initio calculations, which found that the quasiparticle peak, despite broadening, remains well defined in a jellium system up to few 0.1  TF (26) . More sophisticated dense plasma models employing the Fermi golden rule in transport studies finds similar results (27) . The marked rise in reflectance above this condition requires a temperature-dependent relaxation time that is well described by the classical Spitzer-Landau limit 8 for nondegenerate plasmas. To the best of our knowledge, our observation provides the first experimental demonstration for this crossover in a dense electron system, extending studies of degeneracy to fluid metals or dense plasmas, and new regimes of weak interionic couplings. The onset of this crossover is different from what is coarsely described in the general literature of dense plasmas, but consistent with more sophisticated dense plasma transport models. Our result should allow a predictive criterion for the degeneracy condition occurring in compact astrophysical bodies and inertial confinement fusion targets. In the former, this condition is often invoked to delineate the boundary between the atmosphere and the degenerate core (28), while in the latter it serves as a crucial guide for the desired range of temperatures at which the nuclear fuel should be maintained during implosion (6, 7) . This should provide a new impetus for the search for quantum phenomena in warm dense matter, where a more-complex structure than the one revealed here might separate the Fermi-liquid and classical regimes (9). 
